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ABSTRACT 
Prescorbutic Vitamin C Deficiency and Escape, Avoidance, and 
Extinction Behavior in Guinea Pigs (Cavia Porcellus) 
by 
Susan Goodwin, Master of Science 
Utah State University, 1974 
Major Professor: Dr. Edward K. Crossman 
Thesis Advisor: Dr. Arthur W. Mahoney 
Department: Psychology 
viii 
Few studies in the area of psychodietetics have concentrated upon the 
relationship between a single dietary nutrient and behavior. However, some 
vitamins have been shown to be particularly important to central nervous sys-
tern activity. Among these is Vitamin C (ascorbic acid). 
Two experiments were done to determine the effects of ascorbic acid 
deficient diets on a learning task in which guinea pigs were subjects. Learn-
ing was defined as acquisition and extinction of shock-escape and shock-avoid-
ance behavior. 
In Experiment I, twelve adult guinea pigs were fed diets containing two 
different deficient amounts of ascorbic acid for six weeks. They were then 
run on shock-escape, shock-avoidance and extinction schedules. No signifi-
cant differences in behavior among the dietary groups were shown by statistical 
analysis, e "ther in acquisition or extinction. 
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In Experiment II, three adult guinea pigs were fed the same ascorbic 
acid-deficient diets as in Experiment I for six weeks after a baseline perfor-
mance on a shuttlebox shock avoidance schedule was obtained. Performance 
after dietary treatment among or across subjects was not observably different 
from the performance prior to treatment. 
Serum and adrenal protein analysis confirmed that the dietary treat-
ment had lowered the total ascorbic acid content of the serum and adrenals, 
but behavior did not show a corresponding or consistent change. 
These results indicate that ascorbic acid deficient diets fed to adult 
guinea pigs did not result in a change in behavior as observed on shock-
escape, shock-avoi.dance, or extinction schedules. 
(89 pages) 
INTRODUCTION 
General nutritional deficiencies imposed early in the life of an organ-
ism affect subsequent growth as well as behavior (Monckeberg, 1968; Cravioto, 
1969), with behavioral effects extending into early adulthood (Levitsky and 
Barnes, 1970). 
The behavioral effects of general malnutrition have been demonstrated 
under a variety of procedures such as water mazes, Y-mazes, shock-escape 
and shock-avoidance situations (Barnes, 1967). Statistical comparison of the 
performance of experimental animals (with nutritional deficiencies instituted 
early in life) with that of control animals shows significantly impaired per-
formance on the part of the experimental animals. These studies show that 
general malnutrition early in the life of animals and humans results in im-
paired performance in behavioral tests (Salas, 1972; Barnes et al. 1966). How-
ever, the effects of specific nutrient deficiencies imposed after weaning have 
not been extensively investigated. 
One specific nutrient which might be investigated is Vitamin C (tech-
nically termed: ascorbic acid). It is among the nutrients most frequently de-
ficient in American diets (Kelsey, 1969). Ascorbic acid is a water-soluble 
vitamin, the consumption of which is essential for the survival of guinea pigs, 
monkeys, and man because these species lack the specific enzyme system neces-
sary for its synthesis. These species all require dietary ascorbic acid to pre-
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vent the deficiency disease, scurvy. This disease is characterized by 
pathological lesions in the bones and blood vessels, collagen disintegration, 
loosening of the teeth, subcutaneous hemorrhages, and finally, death. The 
disease is quickly reversed by administration of ascorbic acid (Ragan, 1952). 
In spite of the dietary requirement of ascorbic acid for optimal function-
ing in these species, little is known of the behavioral effects resulting from a 
deficiency less severe than that required to induce scurvy (pre-scurvy, or 
pre-scorbutic deficiency). Only recently have low ascorbic acid levels been 
associated with psychological (behavioral) conditions. For example, Mitra 
(1971) reversed the typical confusional states (disorientation) of geriatric pa-
tients with oral administration of ascorbic acid, although none of the patients 
was suffering from scurvy. Also, Kinsman and Hood (1971), using prison 
volunteers as subjects, investigated the behavioral effects of diets deficient 
in different amounts of ascorbic acid. Behavioral changes directly related to 
differing dietary amounts of ascorbic acid were a distortion of psychomotor 
functioning and an elevation of scores in the neurotic triad of the MMPI, as 
well as other changes. 
Thus, it has been shown that nutrition and behavior are interrelated, 
yet the specifics of this relationship have not been extensively investigated. 
The purpose of this research is to determine the effects of two dietary ascorbic 
acid levels in the diets of guinea pigs on acquisition of shock-escape, shock-
avoidance, and extinction of behavior. 
3 
SURVEY OF RELEVANT LITERATURE 
Learning and Malnutrition: Human Studies 
Investigators of human malnutrition have shown that mild to severe 
nutritional deficiencies which occur in early life result in functional impair-
ment. Laing et al. (1967) found that children in Indochina suffering from 
kwashiorkor (protein-calorie deficiency) remained permanently growth stunted 
and scored lower on learning tests than other economically matched children. 
These lower scores were obtained even after complete dietary rehabilitation 
of the children. In pioneering work, Cravioto, DeLicardie and Birch (1966), 
Ramos-Galvan and Vasquez (1964) and other have studied the results of early 
nutritional deficiencies in Mexican children using learning tests as indices; 
and reported that children with a history of early and prolonged malnutrition 
do less well on most intelligence and behavioral tests than do well-nourished 
controls. Similarly, it was shown that subtle differences in nutritional intake 
of infant twins related to small but reliable differences in mental development 
as measured by infant intelligence tests (Brow and Mathey, 1970). 
Cravioto and Robles (INCAP, 1970) showed clearly that rural Guate-
malan children (age 6-11) retarded in height for age, made more errors on 
psychological tests than did children in the upper quartiles of either height or 
weight for age. There were three psychological tests administered to measure 
three senses. The children were instructed to replace blocks of wood in their 
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differently shaped holes (haptic-kinesthetic); to indicate whether a shape 
traced by the subjects' hand behind a screen was the same or different from 
a projected screen image (visual-haptic); or whether the shape held in the 
subject's hand behind a screen was the same as the shape in front of the sub-
ject (visual-kinesthetic). 
The complicating social factors which are known to influence scores on 
intelligence tests confuse the clarity of the relationship between human malnu-
trition and behavior. It is difficult to rear children in conditions of malnutri-
tion without also rearing them in conditions of social deprivation; with parents 
of small educational experience; and a lack of external stimuli. 
Thus, in order to control genetic and environmental variables and to 
measure ongoing biochemical, physiological, and morphological changes, ani-
mal studies have been necessary. 
Learning and Malnutrition: Animal Studies 
Frankova and Barnes (1968) found that rats restricted in protein and/or 
calorie content in the diet after weaning significantly increased exploratory be-
havior over that of control rats. Exploratory behavior was measured by 
squares traversed in an open-field situation. The differences shown among 
restricted groups and control animals were not evident after nutritional re-
habilitation. 
The effect of pyridoxine and pantothenic acid deficient diets on maze-
running in six-week old rats was investigated by Gantt, Chow, and Simonsen 
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(1959). There was an almost complete deterioration of maze-running in the 
deficient group. 
Adult dogs were then trained on tone discrimination. The two tones 
used were an octave apart. One tone was always followed by shock, which 
could be avoided by lifting a paw during the tone. The other tone was never 
reinforced. When subjects were responding at a stable level and avoiding 
shock they were fed a pyridoxine deficient diet. Four to fifteen days -after 
being fed the diet, the conditioned response occurred less frequently but the 
loss of discrimination was never complete. The dogs were then rehabilitated, 
and the tone discrimination did return to baseline level of response. A second 
deficiency resulted in loss of the correct response comparable to the previous 
performance. 
Sloane and Chow (1964) have shown significant differences in the initial 
acquisition of avoidance behavior. Three groups of rats were fed ad-lib con-
trol diets, diets deficient only in Pyridoxine (Vitamin B6), or control diets 
matched in weight to the amount consumed by the deficiency group (pair-fed 
control). On a Sidman avoidance schedule (three second shock-shock interval, 
twelve second response-shock interval), the control animals performed signifi-
cantly better than the deficient animals (one-tailed sign test, p < . 05). These 
behavioral differences were obtained even when the deficient group did not 
differ in body weight from the vitamin supplemented but pair-fed control group. 
These studies show marked behavioral changes which follow the onset 
of a nutritional treatment, but which were not permanent. The most severe 
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behavioral effects of the pyridoxinc and pantothenic acid deficiency occurred 
in the rats. It is interesting to note that these subjects were fed the diets at 
an early age. 
Rats whose mothers were maintained on protein-deficient diet (6. 6 
percent compared to 27 percent in control diet) were tested in the Lashley 
III water maze at 30 to 35 days of age. The control animals were significantly 
faster in traversing the maze (Caldwell and Churchill, 1967). Protein restric-
tion of the mother's diet was reflected in the offspring's maze performance. 
These results are supported by Cowley and Griesel (1963). Other studies are 
summarized in an extensive review of the effect of maternal nutritional restric-
tion during gestation and lactation on the brain and body of offspring by Altman, 
Das and Sudarshan (1970). 
Similar results were obtained by stewart, Bhogavan, Coursin and 
Dakashinamurti (1966) on Biotin deficient weanling rats observed in shock-
escape and shock-avoidance conditioning in a grid-floor runway. Differences 
between rats were significant only in shock-avoidance acquisition, which sug-
gests effects of the deficiency may have occurred at the level of the central 
nervous system. 
A series of experiments by R. H. Barnes and co-workers (Lowrey et 
al., 1962; Barnes et al., 1967; Frankova and Barnes, 1968: Levitsky and 
Barnes, 1970) at Cornell have supported the thesis that malnutrition, if occur-
ring early in the life of an organism, may alter ultimate brain and neural func-
tion. In one study (Barnes et al., 1970) baby pigs were weaned at three weeks 
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of age and fed either a protein-deficient, high-calorie diet or a complete diet 
for eight weeks. The animals were then rehabilitated with a nutritionally 
balanced diet. After six months of dietary rehabilitation, all pigs were trained 
to avoid shock by jumping a barrier during the presentation of a conditioned 
stimulus (CS). The CS was then presented in the absence of shock and the time 
required for the jumpiJlg behavior to cease, i.e. extinguish, was measured. 
Malnourished animals persevered in jumping the barrier during extinction for 
significantly more trials than did the controls, i.e., the malnourished animals 
did not extinguish as rapidly. The response requirement was then changed to a 
lever-press in a modified Skinner box. The results confirmed the earlier tests. 
The control pigs extinguished the conditioned response much more rapidly than 
the experimental animals. 
The above results could be confounded by motivational and neuromuscular 
variables. For instance, the poorer performance on the part of deficient ani-
mals could be attributed to the side effects of the deficiency itself, i. e. , inani-
tion and loss of neuromuscular coordination resulting from a reduced intake; as 
deficient animals will not eat as much of diet as controls. Also, Cowley and 
Gries el (1963) found that protein-deficient rats would run a maze for a protein-
rich diet; in doing so, they made less errors than control animals. These are 
controlled for, to some extent, by the use of a pair-fed control group which is 
fed the control diet in a quantity matching the quantity eaten by the deficient 
group; and the use of water-mazes and electric shock. Using food and water 
as a reinforcer may confound the effects of the dietary treatment. Subjects 
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may work only for water or food without eating the treatment diet, and effects 
seen would reflect water or food intake rather than the effects of the treat-
ment diet. The reinforcement for aversive conditions (such as electric shock 
and water mazes) is the termination of those conditions and would not inter-
fere with the effects of the dietary treatment. 
Malnutrition and the Central Nervous System 
Such learning deficits are considered to be due to a disruption of essen-
tial biochemical processes of utmost importance at the time of neurological 
development; that is, these performance impairments were considered to be 
the result of a decreased number of brain cells (Winick and Noble, 1965) as 
well as due to the regional effects of malnutrition on the differentially develop-
ing brain (Winick and Fish, 1969). 
Winick (1970), Winick and Rosso (1969), Winick and Noble (1966), 
Winick, Rosso and Fish (1968) have reported that rats whose dams were vari-
ously protein-calorie restricted during gestation and malnourished during the 
entire lactation period contain a reduced number of cells both in cerebellum 
and in cerebrum. 
Positive biological correlations exist between reduction in exploratory 
behavior of rats (Frankova and Barnes, 1968) and brain catecholamine changes. 
The failure to extinguish a conditioned response occurs only after prolonged 
malnutrition. It is of interest to note that cellular and lipid changes in cerebral 
cortex appear at about the same time (Winick and Fish, 1969; cf. Dobbing 
and Widdowson, 1965; Guthrie and Brown, 1968; and Benton et al., 1966). 
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Thus, several studies have shown that dietary restrictions of mothers 
during gestation and lactation can have profound effects on the growth of the 
young. Organs in which cell development occurs at a rapid pace are more 
severely affected by nutritional restrictions than more mature organs 
(Scrimshaw, 1967). 
There are three critical periods of development in the mammalian 
nervous system which are related to proliferation of three cell types: macro-
neurons, microneurons, and glial cells. The macroneurons form the "coarse 
wiring'' of the central nervous system. The majority of microneurons arise 
during the suckling period and are considered to be the "fine wiring" of the 
brain. Glial cells come into existence during early postweaning. Glial cells 
are responsible for final maturation and adequate capillarization (Altman, 
1969a, 1969b). 
The brain is to some extent buffered from nutritional stresses, but 
it has been established in rats and guinea pigs (Dobbing, 1968) that the de-
veloping brain is most vulnerable to restrictions such as undernutrition at the 
time of its fastest growth (Dobbing and Sands, 1970). The brain develops 
differentially or regionally. Stresses which occur at different times during 
the development of the brain will affect subsequent performance in different 
ways. Therefore, "any disruption of this normal sequence may result in limi-
tation of the capacity of a specific ability that should have been formulated in 
the predetermined relationship within the continuum of the brain matrix. " 
(Coursin, 1969, p. 3) 
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Dobbing and Sands (1970b) report two major periods of rapid human 
brain development. One occurs at 15-20 weeks of gestation; a second begins 
at about 25 weeks of gestation and continues to about two years of age. The 
first period of rapid brain growth probably represents neuroblast division, 
while the second major period is predominantly glial cell development. Im-
pairment of nutrient (food) supply is again shown to be damaging to organs 
that are rapidly growing (Scrimshaw, 1969). Studies of brains of young chil-
dren who died of malnutrition, compared with those who died in accidents, show 
a 60 percent reduction of expected brain cells in deaths due to malnutrition 
(Read, 1971). 
It has been believed for a long time that human prenatal development 
was protected from nutritional deficiencies by reserves accumulated in the 
mother (Smith, 1947; Newton, 1958). Recent studies indicated that nutritional 
stresses during gestation and malnutrition suffered during infancy can have 
irreversible effects on the growth of the brain and body (Gruenwald et al., 
1967; Gopalan and Balavady, 1961). 
Evaluation of newborn children in developing countries have shown 
normal or superior neuromuscular performance (score 140) in neonates, 
based on a standard scale of 100 (Stoch and Smith, 1967). However, the same 
children, if fed nutritionally deficient diets and reared under conditions of 
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social deprivation, scored 25 percent below the standard scale three to four 
years later (Robles and Cravioto, 1959). 
It is of interest to note that enzyme disorders such as phenylketonuria 
(PKU), maple syrup urine disease, and hyperglycemia, if not treated by diet 
therapy early in childhood, result in mental retardation. Also, there exists 
a critical time period after which diet therapy cannot reverse the effects 
(French et al., 1969). 
Central nervous system disorders have also been caused by a variety 
of specific vitamin deficiencies. Vitamins often act as cofactors in the meta-
bolic release of cellular energy (Coursin, 1969; Brozek and Vaes, 1961). 
Ascorbic Acid 
Specific and severe vitamin deficiencies such as thiamin, riboflavin, 
and ascorbic acid, if sustained, result in disease and eventual death. A lack 
of ascorbic acid in the diets of man, other primates, guinea pigs, the red 
vented bulbil, about sixteen closely related birds of India, and the fruit eating 
bat (Canham, 1970) result in the disease called scurvy. 
Scurvy is characterized by clinical signs such as petiachiae of skin 
and nose, loosening of the teeth (due to dentin resorption), and hemorrhages 
(Dalldorf, 1938). Hemorrhage in scurvy is caused by capillary fragility due 
to disintegration of supporting collagen (Purcell and Constantine, 1972). 
Lesions of the bones and blood vessels also appear. Growth is inter-
rupted. In infants, the disease resembles rickets (Hodges et al. , 1971). 
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Hypersensitivity to touch and mental disintegration as well as con-
vulsions and paralysis have been reported (Lund and Crandon, 1941). These 
clinical signs appear when the body of ascorbic acid is reduced to about 300 
mg. Psychomotor performance is adve rsely affected when the body pool is 
lowered to about 63-190 mg. (Kinsman and Hood, 1971). The effects of a 
severe deficiency are so diverse as to seriously affect practically every organ 
in the body (Williams and Deason, 1967). Death results in guinea pigs after 
26 days of no dietary ascorbic acid (Szent-Gyorgi, 1932). 
Only in the species mentioned above does a lack of ascorbic acid re-
sult in scurvy. Treatment with ascorbic acid is the only way to cure this 
disease. 
The study of ascorbic acid as an essential dietary component of human 
nutritional intake began in 1720, when Kramer observed that known medicines 
could not cure scurvy, but that green vegetables, oranges, lemons, citrons, 
or a juice made from their pulp would (Burns, 1965). By 1757, Lind had 
demonstrated that oranges and lemons in the diets of humans prevented the 
onset of this disease. In 1804, lime or lemon juice was issued to all British 
sailors. Scurvy was the first deficiency disease to be recognized as such 
(Pauling, 1970). 
13 
The curative factor in fruit juices was isolated from animal adrenal 
glands, cabbage and orange juice by Albert Szent-Gyorgi in 1928. The new 
factor was named ascorbic acid because of its function in preventing scurvy. 
Since then, it has been shown to function in many apparently critical ways in 
the human body. Ascorbic acid is a powerful reducing agent--it readily re-
moves oxygen from other substances. In so doing, it itself is changed to a 
form called Dehydroascorbic acid (DHA). DHA and ascorbic acid form a re-
versible oxidation reduction system. Both forms have full vitamin properties 
(Harris, 1956). 
ing: 
Three factors make ascorb\c acid important for normal body function-
1. In metabolism of the amino acid tyrosine, ascorbic acid 
protects an enzyme, p-hydroxyphenylpyruvic acid oxidase 
from inhibition by its substrate (Burns, 1965). 
2. Ascorbic acid is involved in carbohydrate metabolism, as 
scorbutic animals have hyperglycemia (Sebrell and Harris, 
1954). 
3. Ascorbic acid is important in activation of acetylcholine 
and consequently in the transmission of the nerve impulse 
(Peterman and Goodhart, 1954). 
It is important to note that ascorbic acid is essential for the survival of man, 
yet intake in American diets is inadequate (Enloe, 1969). 
Ascorbic Acid and Stress 
One of the well-documented functions of ascorbic acid is its utiliza-
tion in connective tissue formation. Connective tissue is composed largely 
of collagen and functions to bind together all the cells of the human body. 
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It is assumed that ascorbic acid is essential in the oxidation-reduction re-
action during the formation of collagen, but the exact relationship is unknown 
(Peterman and Goodhart, 1954). 
This function of ascorbic acid is known and widely accepted (Burns, 
1965; Harris, 1956). However, there is a question as to the precise function 
of ascorbic acid in the adrenals, from which it was first isolated. Ascorbic 
acid is present in both the medulla and cortex of the adrenal glands, which 
function during stress. The adrenal glands enlarge in response to any sus-
tained stress conditions. Adrenal enlargement is accompanied by a depletion 
of ascorbic acid. Thus, requirements for ascorbic acid are likely to be 
greater under conditions of prolonged stress than during periods of normal 
activity (Pirani, 1952). An injection of ACTH in the white rat causes a rapid 
decrease in the amount of adrenal ascorbic acid (Sayers et al., 1944). This 
decrease occurs in the guinea pig (Lockwood and Hartman, 1933). However, 
such an injection does not result in a depletion of ascorbic acid adrenal stores 
in the wild rat (Woods, 1957). 
It has been suggested that ascorbic acid functions in the production of 
adrenal cortical hormones and improves their utilizatlon (Giroud and Ratsima-
manga, 1940), by making possible the regeneration of an enzymatic system 
which has undergone severe deprivation. However, this view is no longer 
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supported by Hodges and Hotston (1970), Clayton and Prunty (1951). Their 
research indicates that ascorbic acid is not essential for the elaboration of 
cortico-steroids, and that the increased adrenocortical activity observed in 
the terminal stages of scurvy is caused by the severe stress of an ascorbic 
acid deficiency. The symptoms of scurvy in guinea pigs resemble the symp-
toms of adrenal insufficiency. An ascorbic acid deficiency weakens the sub-
ject's resistance toward stress provoking agents. 
Electric shock is considered to be a biological stressor. Avoidance 
of programmed shock has been shown to be biologically stressful (Brady, 
1958) and has frequently been used as a dependent variable in nutritional 
studies. Ascorbic acid in many cases prevents the onset of stress such as 
endured in cold exposure in guinea pigs (Therien and Dugal, 1949) and the 
common cold in humans (Pauling, 1970). Ascorbic acid is important in main-
taining the organism's optimal response to stress condttions. 
Ascorbic Acid and Learning 
The exact biochemical mechanisms by which ascorbic acid can affect 
learning are largely unknown. However, peripheral nerve degeneration and 
changes in the motor cells of the anterior horns of the spinal cord (Peterman 
and Goodhart, 1954), a decrease of ascorbic acid in autonomic ganglia, and 
an absence of a positive ascorbic acid reaction in nerve cells and neuroglia 
(Sulkin and Kuntz, 1948) may indicate relationships between the function of 
the central nervous system and ascorbic acid status in the guinea pig. 
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IP injections of Dehydroascorbic acid (DRS) in rats results in hyper-
activity. Ten seconds after the injection, rats observed ran wildly about 
their cages for 30 to 40 seconds . A DHA injection causes central stimulation 
of the sympathetic and parasympathe ti c nervous system (Pa tterson and Martin, 
1951). It is accompanied by a doubling of the concentration of ascorbic acid in 
the brain tissue. This behavior is similar to that exhibited following an injec-
tion of adrenaline. 
The brain, next to the adrenals, contains the highest concentration of 
ascorbic acid, and there is a decreased concentration of ascorbic acid in the 
brain when a rat is fed a protein deficient diet (Rajalakshmi et al., 1967). 
Ascorbic acid deficient guinea pigs have increased amounts of p-hydrox-
phenylloctic acid, homogentistic acid and p-hydroxyphenylpyruvic acid in the 
urine. These metabolites are the same as excreted in the urine of children 
suffering from PKU (cf: French et al., 1969). 
The above similarities between ascorbic acid deficiency and PKU may 
offer a clue as to the precise biochemical changes resulting from an ascorbic 
acid deficiency which may affect learning. 
Kubala and Katz (1960) investigated the relation between intelligence as 
indicated by standard mental ability tests of the Pinter series and the concen-
tration of ascorbic acid in the blood plasma, using economically matched groups 
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of students. The average IQ of the higher ascorbic acid group (1. 1 mg/ 
100 ml) was greater than that of the lower ascorbic acid group (P > . 05). 
They concluded that at least some of the variance in intelligence test perfor-
mance is significantly related to the temporary nutritional state of the indi-
vidual. 
Chow et al. (1971) state that behavioral tests have been useful when 
other measurement failed to detect the effects of inadequate nutrition. Also, a 
relative lack of sophistication of experimental behavior techniques on the part of 
the nutritionists calls for involvement in this research field by experimental 
psychologists (Barnes, 1967). 
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METHODS AND RES UL TS 
The purpose of the present study was to examine the behavioral 
effects of a pre-scorbutic ascorbic acid deficiency in guinea pigs. Behavioral 
effects were observed in three schedules: shock-escape, shock-avoidance, 
and extinction. These three schedules were selected to determine whether be-
havioral effects would be most clearly defined in one schedule as opposed to 
another. 
Experiment I 
Behavioral Effects of a Vitamin C Deficiency 
Subjects 
Twelve male guinea pigs, 60 days old, were obtained from Simonson 
Laboratories, Gilroy, California. The guinea pigs were randomly selected 
non-litter mates weighing approximately 200 grams. They were housed in 
individual stainless cages and had free access to diets and water. 
Apparatus 
All subjects were trained in the same Grason-Stadler, small animal, 
operant conditioning chamber. A Grason-Stadler (Model El06465) shock-
generator-scrambler provided schock to the chamber floor through parallel 
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grid floor bars. A lever which required 2 gm of force was located on one 
panel of the chamber wall. Three 7-watt lights located above the lever and a 
tone (approximately 85 db.) signalled the onset of shock in avoidance learning 
and extinction (conditioned stimulus). The operant chamber was housed in a 
sound-attenuation chamber equipped with a 7-watt houselight and ventillation fan. 
Standard electromechanical recording and control equipment was used to pro-
gram and record contingencies. 
Procedure 
All subjects were behaviorally tested on three schedules in the following 
order: Procedure A: Escape; Procedure B: Discriminated Avoidance; and 
Procedure C: Extinction. The shock-escape procedure lasted two months. 
Each guinea pig was run for six sessions at 20 minutes each. One week after 
cessation of the escape procedure, the shock-avoidance procedure was begun 
and terminated three months later. Each subject was run for nine three-hour 
sessions. The extinction procedure was initiated three days following shoe k-
avoidance. Each subject was run for one three hour session. 
Treatment: All guinea pigs were randomly assigned to three 
groups of four animals each. The control group was fed Purina 
rat chow to which 2. 0 gms. of ascorbic acid per kilogram of diet 
(g/kg) was added (Group 1). The same diet was administered to 
the experimental groups, except that the amount of ascorbic acid 
for experimental group #1 was 0. 2 g/kg (Group 2) and for ex-
perimental group #2 was O. 1 g/kg (Group 3). Diets were 
established at these deficient levels following scorbutic diet 
levels determined by Harris and Ray (1932). Subjects received 
these diets for six weeks prior to testing. 
Procedure A: Shock-Escape 
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Each session began with an initial 20-second time out (TO) from shock 
period. No lights were used in this procedure. Following the TO, the grid-
floor was electrified and remained on until the subject emitted a bar-press 
response which terminated the shock for a 20-second TO period. The onset 
of shock was programJl!ed after each TO period and shock remained on until 
a response was emitted. The shock intensity was increased from an initial 
setting of 0. 6 ma., up to a maximum of 2. 0 ma. every two minutes (Khalili 
et al., 1970). If a response terminated the shock, the intensity reset at 0. 6 
ma. and reinstated the TO period. Each guinea pig was tested in six, 20-minute 
sessions. The principal dependent variable was the mean response latency (in 
seconds) from shock onset until its termination by an escape response. The 
programming equipment automatically recorded the following: 
1. Total time in shock. 
2. Number of escape responses. 
3. Total number of responses per session , 
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4. Intensity of shock received. 
5. Response latency per trial of each subject. 
Results 
Statistical analysis. Because the selected score in all 
procedures was so great, scores were pooled across ses-
sions, and a Completely Randomized Design (CRD) analysis 
of variance (ANOVA) was used for all three schedules (Men-
denhall, 1971). Hypothesis 1 for the escape procedure assumed 
that mean latency differences among groups in escape could be 
attributed to chance. · There was no significant difference among 
groups at the . 05 level (Table 1), therefore, mean latency 
differences in escape can be attributed to chance. F. 05 = 4. 96 
Table 1. ANOVA (CRD) of Procedure A: Shock escape. Scores are taken 
from mean latency of response in seconds from onset of shock per 
session 
Source df SS MS F 
Treatments 2 1976 998 . 33 
Error 9 26910.25 2990.02 
Total 11 28886.25 
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The shock intensity was increased in regular intervals if the subject 
did not respond. It was expected that the control group would continue to 
respond at a relatively low shock amperage. This was not the case. In 
Figure 1 are shown great individual differences within all groups, but no dif-
ferences among groups. 
The mean escape responses per session do not suggest any among-
group differences which correspond to dietary treatment. The apparent me-
chanical failure of the shock-scrambler which occurred during the running of 
the subjects in group 2 in session 4 is evident. The mean percent escape re-
sponse per session again indicates great individual differences in response per 
session, but do not show group trends (Figure 2). 
The total number of responses emitted was thought to be a possible 
indicator of emotionality of the subject. Since ascorbic acid has been shown 
to be present in the adrenal glands, and is depleted after stress (Clayton and 
Prunty, 1951), it was thought that there should be a behavioral difference be-
tween the control and both experimental groups. There was none (Figure 3). 
In Figure 4 group differences by session in latency to bar-press response 
in the presence of shock are shown. There is a great initial difference between 
the control group and the experimental groups, with the control group tolerating 
much more shock prior to response. Amperage was set at intensities which 
maintained responding in individual animals at this time. This difference could 
be due to dietary treatment, but it is not consistent throughout sessions. The 
initial difference in shock response latency, however subtle, is the only indica-

Figure 1. Shock intensity increases for individual subjects 
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Figure 2. Mean escape responses per session: Group 1 (2. 0 g/ kg); 
Group 2 (0. 2 g/kg); Group 3 (0. 1 g/kg). 
Point (a) indicates the session in which the shock scrambler 
apparently failed to deliver shock (top section). 
Percent Escape responses are also shown with means indi-
cated per session (bottom section). 
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Figure 3. The total number of responses emitted during escape: 
Means for each session by group are given. 
28 
200 
... 
180 :\ 
. • 
. • • 
. • 
. . 
160 . • • . . Q) . • 
0. • . •• 
cl:! . • 
C.) 140 . . . fll . 
·· . ~ 
. 
• • .
. Group 2 fll . . 
Q) 120 . 
fll 
,,. . 
. . . 
i::: 
·;'\·. . ,. ........ 0 . ( . 0. 1100 .. , ·. . I .... .._ fll 
.. ·, ~-. . I "'"•Group 3 Q) 
.... .· / , ... I 
-
.· / Group 1 C\l 80 :1 
, .. _ 
..., 
0 : I • 
..., 
... , . : I 
i::: 60 .·I 
: I 
C\l 
.. i I Q) I ~... ·····:I ~ I ... .., 
40 .......... _, 
20 
0 
1 2 3 4 5 6 
Session 
1 2 3 4 5 6 
Subjects 57 56 92 88 149 151 49 
Group 1 58 8 0 3 4 44 8 
(2. 0 g/kg) 59 71 219 119 93 87 129 
60 10 63 69 36 93 143 
i::: - - - -
0 x 36 94 70 71 94 82 
..... 
fll 
fll 
Q) 61 5 28 80 41 165 153 oo Group 2 
~ (0. 2 g/kg) 62 71 180 107 36 98 68 
0. 63 75 145 99 134 197 159 fll 
Q) 64 102 117 91 10 282 157 fll 
i::: 
0 x 63 118 94 55 186 134 0. 
fll 
Q) 
f.-1 
~ Group 3 65 26 35 4 0 0 0 
0 (0.1 g/kg) 66 25 11 17 19 181 147 
E-t 67 21 112 112 107 169 109 
68 152 247 106 69 108 109 
x 56 101 60 49 115 91 

Figure 4. a. The mean latency of bar-press response to the onset 
of shock in escape for all subjects by groups indicates 
group time in seconds to respond after shock onset rr..ea-
sured trial by trial. 
b. The total time in shock cumulates seconds in shock for 
all subjects by group for each session in escape (top 
section). 
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tion shown in this schedule that treatment differences may have behavioral 
effects. Among groups, there were no differences in shock intensity re-
quired to maintain responding: Gp. 1 == 1. 2 ma. , Gp. 2 == 1. 2 and Gp. 3 == 1. 0. 
Procedure B: Shock Avoidance 
Since the escape data were not significantly different for the various 
groups, it was thought that an additional sensory task, such as tone and light 
discrimination in an avoidance schedule, would provide a more sensitive base-
line for ascorbic acid deficiency. It was assumed that treatment effects were 
more behaviorally subtle, and that a gross stimulus, such as shock, could dis-
tort treatment effects. 
Following an initial 90-second inter-trial interval (ITI) with no cham-
ber lights on, a conditioned stimulus (CS) tone-light combination preceded 
shock onset by 15 seconds. If the subject responded by pressing the lever 
during the CS, the scheduled shock (UCS) was avoided, and the 90-second 
ITI was automatically reinstated. If a response was notemitted, both CS and 
shock remained on until a response terminated both and reinstated the ITI. 
The shock amperage was constant at 1. Oma. Each guinea pig was run for nine 
3 hour sessions. 
The primary dependent variable in the discriminated avoidance proce-
dure was the mean number of avoidance responses per session. The program-
ming equipment automatically recorded the following: 
32 
l. The number of avoidance responses. 
2. The number of escape responses. 
3. The number of total responses. 
4. The total time the animal was in shock per session. 
It was hypothesized that differences in mean number of avoidance re-
sponses among groups could be attributed to chance. 
Results 
Statistical analysis. The ANOVA for avoidance based on mean 
number of avoidance responses per session showed no signifi-
cant difference among groups at the . 05 level (Table 2). Thus, 
differences in avoidance responding can be attributed to chance. 
Table 2. ANOVA (CRD) of Procedure B: Shock-Avoidance. Scores are 
taken from mean number of avoidance responses per session 
Source df SS MS F 
Treatments 2 340.67 170.33 . 01 
Error 9 109924 12213.77 
Total 11 110264. 67 
The total time spent in shock indicates a continuing decrease across 
sessions, with the exception of an increase sustained by the control group 
33 
in sessions 4 and 5. As subjects in all three schedules throughout Experiment 
One were run randomly, and not by treatment group, or subject number, it is 
hard to account for the difference shown in terms of possible mechanical fail-
ure. Time in shock per subject may be indicative of treatment effects, but the 
data do not clearly support such a conclusion (Figure 5). 
All groups showed increased avoidance responses over sessions. How-
ever, statistical analysis did not show any significant differences. The control 
group averaged fewer mean avoidance responses per session in all but the first 
two sessions. The lower average avoidance responses of the control group were 
due to Subjects 57 and 60, who consistently failed to avoid. The percent of total 
responses per session which were avoidance responses can be calculated by 
dividing avoidance responses per session by the total avoidance and escape 
responses for that session (Figure 6). There is an increase in percent avoid-
ance responses per session but no clear treatment differences. 
The total number of avoidance responses clearly indicates the absence 
of treatment effects. The controls (Group 1) averaged 294. 25 avoidance response 
in nine sessions. Group 2 averaged 327. 75 avoidance responses; while Group 3 
averaged 285. 5 avoidance responses. There were no clear treatment trends in 
the avoidance data. Appendix A contains raw data of the shock avoidance pro-
cedure. 

Figure 5. The total time in shock (in seconds) for all subjects by 
groups in shock avoidance. This cumulates the total num-
ber of seconds each individual in each group (shown as 
group means) tolerated shock. 
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Figure 6. Avoidance responses per session are shown here as mean 
r.umber of responses of each group (top section) and as a 
percent of the total responses. Total responses are com-
posed of both escape and avoidance. Session means by grouo 
are also given, (bottom section) 
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Procedure C: Extinction 
As no treatment effects were demonstrated on the avoidance behavior 
it was thought that treatment effects may show in extinction of the avoidance 
response. Malnourished pigs did not extinguish learned behavior as rapidly 
as did controls (P) . 05) in a study by Barnes et al. (1967). Thus, it was 
anticipated that deficient guinea pigs may not extinguish as rapidly as controls. 
This procedure tested that assumption. 
A 7. 5 second tone (85 db.) and light (CS) preceded a two second unavoid-
able 1. 0 ma. shock, followed by a 30-second ITI. The program then auto-
matically recycled. There were no programmed consequences for responding. 
Each subject was tested for one three-hour session. 
The mean number of responses emitted during the presentation of the 
CS was the dependent variable in this procedure. The programming apparatus 
recorded the following: 
1. The total number of responses emitted. 
2. The number of responses emitted during the CS. 
3. The number of trials per session. 
It was hypothesized that differences in the mean number of responses 
emitted during the CS in extinction can be attributed to chance. 
The length of the CS and ITI were shortened to hasten extinction of the 
response; as avoidance contingencies are not so different from extinction con-
tingencies (Herrnstein, 1969), they would stay in effect longer if there was 
no change. 
Results 
Statistical analysis. There was no significant difference among 
groups at the . 05 level. Differences in the mean number of re-
sponses emitted in the presence of the CS were attributed to 
chance. 
Table 3. AN OVA (CRD) of Procedure C: Extinction scores are taken 
from number of response emitted in the presence of the CS 
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Source df SS MS F 
Treatments 2 43847.84 21923. 92 1. 64 
Error 9 120219.5 13345.5 
Total 11 164067.34 
Mean CS responses for one session of extinction are diagrammed in 
Figure 7. In section (a) responses emitted during the CS are averaged. One 
subject in the control group (S 58) failed to extinguish the response. The ex-
treme number of responses emitted by S 58, when averaged, raise the mean 

Figure 7. The number of responses emitted by each subject (averaged 
as group response) during the presentation of the CS in ex-
tinction are given in section (a). The number of responses 
during the CS emitted by S 58 (control group) was not in-
cluded in section (b). 
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and suggest treatment effects. The omission of S 58 from the control group 
average lowers the average to a level which does not indicate group differ-
ences according to dietary treatment (Section b). S 58 was fed a control diet, 
and the reasons for failure to extinguish are not clear, but it could not be due 
to dietary treatment. 
It was expected that treatment groups would not extinguish as rapidly 
as the control group. Raw data for the extinction procedure are in Appendix A. 
Experiment II 
Behavioral Effects of Vitamin C Deficiency 
Using Modified Single Subject Analysis 
No treatment differences were shown by statistical comparison in Experi-
ment I on three different schedules. Group designs can obscure subtle individual 
behavior differences (Sidman, 1960);for this reason it was assumed that a dif-
ferent design may show treatment effects. 
Also, it was thought that the response requirement (bar-press) might be 
too discrete to show possible subtle effects of an ascorbic acid deficiency. If the 
guinea pigs were required to respond with a gross body movement, i.e. , to 
jump, perhaps treatment effects would become apparent. Avoidance parameters 
of Experiment I were maintained except shock amperage was increased to 4. 0 
ma. This was necessary in order to maintain responding. 
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The response requirement was a jump across a center partition in 
a shuttlebox. It was considered that these two procedural differences would 
show treatment effects previously obscured. 
In this experiment a modified single subject design was used in which 
each guinea pig was measured against his previous number of responses, as 
well as across treatments. 
Subjects 
Three male guinea pigs 60 days old were obtained from Simonson 
Laboratories. The subjects were randomly selected non-litter mater weighing 
approximately 200 grams. 
Apparatus 
All subjects were trained in an automatic shuttlebox, 20 x 10 by 10 
inches. The top and front side of the box were made of clear plastic; the 
back and ends were of metal. The shuttlebox was separated into two compart-
ments by a partition with 4 x 5 inch opening in the center 2 inches from either 
side of the center line and 2 inches above the floor of the box which could be 
triggered by the subjects' jump through the center panel opening. A Grason-
Stadler (Model El06465) shock-generator scrambler provided shock to the grid 
floor. A light (three 7-watt lamps) and tone (approximately 85 db.) alternated 
in the two compartments to serve as the CS. The lights were located on the 
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wall at each end of the box. The speaker was above the center dividing par-
tition. Standard electromechanical equipment was used to program and record 
contingencies. 
Procedure 
Treatment: Three guinea pigs (S4, S5, and S6) were fed complete 
Purina rat diets containing 2. 0 g/kg ascorbic acid until a baseline 
shuttlebox avoidance performance was achieved. They were then 
randomly assigned diets containing either 2. 0 g/kg of ascorbic 
acid (control diet, S4), or 0. 2 g/kg (S5), or 0. 1 g/kg (S6). Subjects 
were fed these diets for six weeks and were weighed once a week 
during this time. No other handling of subjects occurred. Follow-
ing the six-week period, subjects were tested in the shuttlebox. 
Subjects were housed in individual cages and had free access to the 
diets and water throughout the experiment. 
Subjects were trained to avoid shock by emitting a jumping response through 
the center opening into the opposite side of the box during the presentation of 
the CS (tone and light) which preceded the onset of shock by 15 seconds. If a 
response was not emitted in the presence of the CS, shock was presented and 
remained until the subject escaped the shock by crossing the partition to the 
other side of the shuttlebox. The shock remained on in the side of the shuttle-
box just vacated in order to prevent backcrosses by the subject. An Inter-
Trial-Interval (ITI) of 90 seconds followed either avoidance or escape re-
sponses. Following the ITI, the CS was again presented, and the program 
recycled. 
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Subjects were run until baseline criterion was met (number of avoid-
ance responses did not vary more than 10 percent above or below the previous 
and following day's performance) at which time they were fed experimental and 
control diets for six weeks and there retested. Each test session consisted of 
40 trials. Sessions run depended upon individual achievement of criterion. 
Shock intensity was determined as the intensity required to sustain baseline 
performance for each subject. All subjects required 4. 0 ma. to sustain re-
sponding. 
The dependent variable in this experiment was a change in behavior 
from the baseline behavior following nutritional treatment. A cumulative time 
meter recorded the total time the subject received shock. A print-out counter 
recorded the latencies of responses to the onset of the CS. 
Digital counters recorded: 
1. The total number of trials. 
2. Total avoidance responses. 
3. Total escape responses. 
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Results 
The mean latency of responses to onset of CS is not different for the 
pre- and post-treatment conditions. This suggests that dietary treatment did 
not delay or impair responses to onset of CS (Figure 8). Thus, neither sen-
sory capabilities nor response mechanisms seem to be effected. 
Comparison of pre- and post-diet escape and avoidance means indicate 
a general lessening of escape responses, and an increase in avoidance responses. 
This suggests a general learning trend, but it does not show that dietary treat-
ment interferred with or elevated the response to the CS (Figure 9). Individual 
comparison of pre- and post-diet avoidance response shows no differences, 
except in the case of 84, the control subject (Figure 9). 
S4 tolerated much more shock per session than S5 or S6. However, 
this difference is also evident during pre-treatment training (Figure 10). 
The ongoing behavior charted after each day's session exhibits gradual 
learning of the reinforced response in pre-treatment training, and a gradual 
lessening of that response during post-treatment testing (Figure 11). 
Post-treatment performance was not obviously different from pre-
treatment performance in any subject. The most often altered rate of response 
of post-treatment subject was control subject 4. This may indicate that the vari-
ability (experimental error) in Experiment II was rather large, but it does not 
indicate treatment effects. 

Figure 8. The mean latency to "jumping" response after the onset of 
the CS for each subject in shuttlebox avoidance. The top 
section shows pre-diet responses, bottom section gives 
post-diet responses. 
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Figure 9. Pre- and post-diet avoidance responses shown by treat-
ment (top section) and by subject (bottom section). All 
responses are averaged in blocks of four sessions. 
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Figure 10. The mean total time in shock in seconds of pre- and 
post-treatment subjects shown by subject on shuttle-
box avoidance. 
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Figure 11: Shuttlebox avoidance and escape responses shown by 
session for each subject. Avoidance = - ----------
Escape= 
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Failure to show any treatment effects supports the conclusion drawn 
from Experiment I, that ascorbic acid did not change the avoidance behavior 
of guinea pigs maintained on pre-scorbutic diets. Body weight data of the 
guinea pigs in this experiment are shown in Appendix A. 
5() 
ASCORBIC ACID STATUS OF SUBJECTS 
Ascorbic Acid Content of Blood Serum and Adrenal Tissue 
Guinea pigs were sacrificed at the end of each experiment to determine . 
ascorbic acid content of serum and adrenal tissue following the method of Roe 
and Kuenther (1943). 
Experiment I 
Ascorbic acid was expressed in mg/ dl serum, ug/mg adrenal pro-
tein, and ug/mg adrenal fresh tissue (Table 4, top sect ion). These data 
indicate as ascorbic acid content of adrenal protein, and serum protein 
which corresponds to the dietary treatment received by the subjects in 
Experiment I. The experimental guinea pigs were maintained at pre-scor-
butic dietary deficiency levels and did not show any external signs of scurvy 
at the time they were sacrificed. 
The fact that there was a definite nutritional effect which corre-
sponded almost directly with the dietary treatment, and yet was not observed 
in three different schedules of operant behavior most strongly suggests that 
this pre-scorbutic nutritional deficiency did not have an observable behavioral 
effect. 
Table 4. Ascorbic acid status of subjects 
Experiment I: 
A. Ascorbic acid specific action per protein of adrenal tissue (ug/ mg). 
Group I (2. 0 g/kg) 
5. 035 ~ . 1442 
Group 2 (0. 2 g/kg) 
3.0079 ~ 1.275 
B. Ascorbic acid specific action of adrenal tissue (ug/ mg) 
. 9150 ~ . 1113 . 5396 ~. 2134 
C. Ascorbic acid specific action of serum po rte in (ug/ dl) 
110. 3 ~ 21. 0 77. 1 ~ 39. 9 
Experiment II: 
A. Ascorbic acid specific action of serum (ug/ 1000 ml) 
S4 (2. 0 g/kg) 
3.478 
SS (0. 2 g/kg) 
2.179 
B. Ascorbic acid specific action of adrenal tissue 
10.405 9.755 
Group 3 (0. 1 g/kg) 
1. 2241 = . 3290 
. 2333 "±: • 0540 
35. 4 ± 5. 1 
S6 (0. 1 g/kg) 
2.504 
. 743 
c.n 
-;i 
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Experiment II 
Ascorbic acid was expressed in mg/lOOOdl serum, and mg/mg of 
adrenal tissue (Table 4, bottom section). These data do not as clearly indi-
cate treatment levels. This is probably due to errors in the analysis proce-
dure rather than to true ascorbic acid levels. Differences among subjects 
in serum ascorbic acid content are negligible. Optical density readings 
were very low. 
The ascorbic acid content of adrenal tissue sho'WS great differences 
between S4 (control; 2. 0 g/kg) and 86 (0. 1 g/ kg). This clearly reflects diet-
ary treatments. 85 contained lower amounts of ascorbic acid in adrenal 
tissue than the control subject, but not as low as expected from the dietary 
treatment. 
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DISCUSSION 
Analysis of adrenal tissue and serum of pre-scorbutic guinea pigs 
yields lower ascorbic acid content of serum and adrenal tissue which was 
not indicated by behavior. It was thought that behavior as tested in this re-
search would reliably indicate the nutritional states of the subject. This 
was not the case. 
In Experiment I, the only indication of possible subtle behavioral 
effects of the ascorbic acid deficiency was indicated in the response to shock. 
As electric shock is biologically stressful, it added to an already stressed 
system. 
The possible effect of shock on the already ascorbic-acid-deprived 
ACTH system may account for the suggestive treatment effects when looking 
at time-in-shock. These subtle differences could be investigated further. 
Behavioral effects of ascorbic acid deficiency may be shown if attention is 
focused on these variables. 
Collagen disintegration may somehow destroy the integrity of the 
\ 
motor reflex arc; thus decreasing sensitivity to shock. 
A definite within-session performance decrement was observed in 
Experiment I in avoidance responding. This corresponds to observations 
made by Sansone and Bovet (1970). 
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The shock intensity was adjusted to the amperage required to sustain 
responding in individual guinea pigs during shock escape. 1. 0 ma. was suf-
ficient to maintain responding in all subjects in shock-escape. The amperage 
was then constant at this level during shock avoidance and extinction. Rabedean 
and Webster (1970) found that low shock (1. 3 ma.) produced the most rapid ac-
quisition and the highest final performance in shuttlebox avoidance . 
In Experiment II, a decline in the number of avoidance responses emitted 
was noted in post-treatment subjects. The problem of maintaining avoidance 
behavior has been noted (Meyer, Cho and Wesemann, 1960; Hoffman, Fleshler 
and Chorny, 1961). 
The selection of responses in avoidance conditioning was not as arbi-
trary as believed (Skinner, 1938). Rapid conditioning of discriminated avoid-
ance occurs only when the response selected is a species-specific defense reac-
tion. Where avoidance conditioning is difficult to obtain it is because the response 
selected is not a defense response occurring "innately" in the species used 
(Bolles, 1970). 
However, the change in response requirement did not show treatment 
effects. As guinea pigs are nocturnal animals and generally avoid gross body 
movements (Alvord, 1965), the shuttlebox response selection may have been 
more indicative of the organism's response to stress (shock) than a discrete 
movement required by barpress responding. Thus it may be postulated that 
the design and response topography of Experiment II would be far more indica-
tive of behavioral responses to stress than the previous experiment. The 
results, however, are still negative. 
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The ascorbic acid status of the guinea pigs sacrificed at the end of 
each experiment confirms a nutritional treatment effect. SS in Experiment 
II contained almost as much adrenal ascorbic acid as S4 (the control subject). 
S6, however, contained very little ascorbic acid (Table 4). It may be that 
SS was maintained at a level which did not force a complete depletion of re-
serve ascorbic acid, whereas the dietary treatment of S6 was sufficiently 
severe to deplete ascorbic acid reserves. 
Williams and Deason (1967) point out that there is a wide range of 
biochemical requirements of ascorbic acid in guinea pigs. A guinea pig 
was maintained for the duration of an eight-week experiment on a diet which 
contained no ascorbic acid. On the tenth day of the experiment, clinical signs 
of scurvy were observed, but the animal did not die. Therefore, the use of 
statistical designs involving numerous subjects may be necessary to control 
for biochemical individuality. 
Weekly weight records of subjects in Experiment II show a continuous 
weight gain for all subjects. The subjects were maintained on a pre-scrobutic 
diet, and did not show any external signs of scurvy when they were sacrificed. 
The levels of ascorbic acid in the deficient diets may have been enough to sus-
tain the organism. However, Harris and Ray (1932) indicated that guinea pigs 
maintained on a diet containing 0. S g/kg developed scurvy and died within 26 
days. 
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In summary, nutritional deficiencies above the level necessary 
to induce disease did not result in observable behavioral effects within the 
confines of these experiments. 
None of the procedures or schedules used above indicate definite 
treatment effects. However, the modified single-subject design gave more 
easily observable negative answers to the question of a possible relation of 
ascorbic acid and behavior at nutritional deficiency levels. 
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Table 5. Raw data for shock escape: mean latency to response in seconds 
Session 
Treatment Subject 1 2 3 4 5 6 
Group I 57 120 17 5 10 1 17 
(2. 0 g/kg) 58 142 209 353 192 33 171 
59 12 29 2 2 1 1 
60 136 8 3 32 1 2 
------------------------------------------------------------------------
Group 2 61 382 40 2 90 2 1 
(0. 2 g/kg) 
62 7 2 2 27 2 6 
63 9 26 2 2 1 1 
64 4 3 3 123 2 2 
-----------------------------------------------------------------------
Group 3 65 47 71 298 0 0 0 
(0. 1 g/kg) 
66 38 58 53 117 3 1 
67 57 5 7 2 2 3 
68 7 3 2 6 2 2 
Table 6. Raw data for Procedure B: Shock Avoidance. E = Escape, A = Avoidance 
Avoidance sessions 
1 
E A 
2 3 
E A E A 
4 5 6 
E A E A E A 
7 
E A 
Group Subject 
Group 1 57 84 0 95 0 97 1 88 0 55 2 94 6 82 13 
Control 
(2. 0 g/kg) 58 75 27 70 27 85 14 85 26 75 34 83 14 69 41 
59 94 15 49 56 64 36 36 74 66 33 20 84 35 78 
60 70 15 99 1 ~04 0 81 l 101 5 9 0 79 !8 
----------------------------- ------- -------- --------' ------- ------- -------
Group 2 61 101 7 81 22 63 44 54 48 32 49 43 70 40 73 (0. 2 g/kg) 
62 97 10 83 26 23 87 31 81 7 109 74 32 45 70 
63 95 2 81 15 50 29 65 35 36 59 42 74 47 66 
64 101 8 75 24 63 47 19 73 114 53 35 74 14 87 
----------------------------- ---- --- -------- -------- ------- ------- -------
Group 3 65 81 15 70 35 67 44 34 81 24 89 43 10 27 56 
(0. 1 g/kg) 66 98 '5 88 14 86 13 54 35 31 53 63 42 40 62 
67 106 0 97 11 99 4 50 62 77 32 56 54 56 44 
68 69 22 61 50 27 81 38 76 27 86 31 2 30 82 
8 
E A 
65 42 
43 66 
30 82 
61 58 
-------
29 87 
34 84 
55 39 
15 103 
-------
23 89 
32 81 
19 89 
39 72 
9 
E A 
65 37 
57 53 
57 53 
45 61 
----------
30 76 
28 8-! 
37 70 
15 87 
----------
29 76 
66 57 
96 3 
17 92 
...;i 
v:i 
Table 7. Raw data for Procedure C: Extinction percent of CS responses is figured as a per-
centage of the total responses emitted and as a percent of the total trials 
% CS Res~nses 
Diet 
group 
2. 0 g/kg) 
(control) 
o. 2 g/ kg 
(experimental 
#1) 
0. 1 g/ kg 
(experimental 
#2) 
Subject 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
Total 
trials 
253 
427 
218 
264 
271 
220 
279 
242 
173 
279 
275 
230 
Total 
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Figure 12. Weekly body weights of guinea pigs on shuttlebox avoidance. 
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Table 8. Gram weight of body organs 
Body weight 
Subject Diet (grams) Liver Kidney 
Expt. I 
57 2. 0 g/kg 77 5 34.22 4.93 
58 " 700 28.97 4.94 
59 " 720 26. 42 4.32 
60 " 470 15.08 4.32 
61 " 616 20. 12 5.23 
62 0. 2 g/kg 733 31. 56 4.15 
63 " 61 5 24.82 5.10 
64 " 525 23.72 3.68 
65 " 574 23.22 4 .52 
66 0. 1 g/kg 51 5 18. 77 5.22 
67 " 622 27 .35 4.15 
68 " 605 26.61 5.32 
Expt. II 
4 2. 0 g/kg 605 25.51 4.74 
5 0. 2 g/kg 590 29. 23 4.43 
6 o. 1 g/kg 545 24.55 3.87 
% of 
Adrenal body wt. Heart 
. 5536 . 0714 1. 9 
. 6259 • 09 1. 92 
.4891 • 07 1. 82 
. 6721 . 14 1. 42 
. 4990 . 08 2.05 
. 7146 . 10 2.24 
. 5903 . 10 1. 98 
. 5281 . 10 1. 77 
. 5239 . 09 1. 9 
. 5819 • 11 1. 72 
. 6483 .10 1. 89 
. 4303 . 07 1. 99 
. 4322 . 07 1. 86 
. 4143 . 08 1. 53 
.4955 
. 08 1. 56 
Brain Spleen 
3.65 1.11 
4.15 . 94 
4.05 1. 13 
4.05 . 73 
3.89 . 90 
4.16 . 93 
4.04 .90 
3.70 . 89 
4.41 1. 1-1 
4.12 1. 71 
3.87 1. 16 
3.93 . 98 
3.76 1. 14 
4.04 . 84 
3.85 .78 
Lung 
4.63 
-1. 69 
5.70 
3.33 
3. 16 
5.-17 
-1. 57 
--1.23 
6.23 
3.58 
4.52 
3.66 
3.94 
4.43 
3.89 
-.::i 
en 
GLOSSARY 
Malnutrition or undernutrition: A state in which an individual lacks one or 
more essential nutrients to the extent that specific symptoms or 
conditions of impaired health (including retardation in physical de-
velopment) appear. · 
M. M. P. I. (Minnesota Multiphasic Personality Inventory): Test designed 
in 1920 to measure various aspects of personality by the marking of 
choice statements. 
Run: To place subject in experimental chamber (Skinner box) and connect 
the electromechanical contingencies which program reinforcements 
in the chamber. Derived from early maze work with experimental 
animals. 
Starvation: A state in which an individual lacks the amount of food neces-
sary to sustain optimal physiological functioning. Essential nutri-
ents are present, but not in sufficient quantity. 
77 
Discriminated Shock-Avoidance: A conditioned stimulus (CS) such as a tone 
or light is presented prior to the onset of shock. If a response is 
emitted in the presence of the CS, shock is avoided, and the program 
recycles. If a response is not emitted in the presence of the CS, 
shock is presented and remains on until a response is emitted. 
Extinction: A previous reinforcer is no longer delivered. Behavior is no 
longer maintained by the reinforcer and will usually dissipate. 
ANOVA: Analysis of variance. 
CRD: Completely Randomized design analysis of variance. 
Psychodietetics: An area of research concerned with establishing the rela-
tionship between nutritional status of the individual and behavior. 
Shock Escape: Shock is introduced into the experimental compartment after 
a predetermined time has elapsed. Shock remains on until the ani-
mal emits the correct response which terminates the shock and rein-
states the no-shock condition. The schedule then recycles. 
Group 1: (Control group). A diet containing 2. 0 grams of ascorbic acid 
per kilogram of diet was fed to the subjects in this group. g/kg 
78 
Group 2: (Experimental group #1) A diet containing 0. 2 g/ kg was fed to the 
subjects in this group. 
Group 3: (Experimental group #2) A diet containing 0. 1 g/ kg was fed to the 
subjects in this group. 
IP: Intra periotoneal. An injection that is placed within the body cavity 
usually near the stomach. 
PKU: Phenylketonuria. A metabolic disorder. Can be corrected by dietary 
treatment. If not treated in early childhood it can lead to mental re-
tardation. 
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